Abstract
INTRODUCTION
Over the last 15 years, immune suppressive agents (including immunomodulators such as thiopurines, and biologics such as infliximab and adalimumab) have become the treatment of choice in children and adults with moderate to severe Crohn's disease (CD) [1, 2] . However, there is a small and poorly studied population of patients with mild and limited Crohn's, who either spontaneously enter remission and can discontinue therapy, or be maintained on milder anti-inflammatory treatment. These treatments include aminosalicylates, dietary manipulations, or antibiotics. Because clinical trials tend to focus on the moderate to severe population, definitive evidence from placebo-controlled trials in the milder population is lacking. Physicians are concerned about the risk of undertreating patients, and exposing them to complications of a subtle, progressive disease [2] . However, utilizing immunosuppression on a group of patients with mild disease and a good prognosis may in fact be "overtreating", exposing patients to the risk of such therapies without any benefit. The decision making is challenging, because the phenotypic features, natural history, and long-term outcomes of children with mild disease is unclear. In addition, there is no consensus definition on what constitutes "mild CD" .
In order to better outline the natural history of patients with mild CD, we identified a group of children with CD who were not escalated to immunomodulators or biologics within the first two years after their CD diagnosis. In this highly selected group of mild patients, we demonstrate that a higher percentage of patients have colonic disease compared to matched controls with moderate to severe disease. We also show that patients with mild disease can be maintained for several years on treatments such as aminosalicylates, antibiotics, or dietary changes, and the majority can avoid escalation to immunosuppressive therapies. However, subclinical inflammation and growth impairment may persist in this group of patients.
MATERIALS AND METHODS
In order to identify patients with mild CD we conducted a retrospective review of our IBD database at Boston Children's Hospital. At the time of review, the database contained 1205 patients with CD, diagnosed between the years of 1990 and 2013. Patients were included if they had clear diagnosis of CD, and they were not escalated to immunosuppressive therapies for at least 2 years after the date of diagnosis. No patients with ulcerative colitis or indeterminate colitis [aka inflammatory bowel disease unclassified (IBDU)] were included in this study. Exclusion criteria were usage of methotrexate, mercaptopurine, azathioprine, or biologic therapies (e.g., infliximab, adalimumab, or certolizumab) initiated within the first 2 years after diagnosis. We also excluded patients who developed surgical complications of CD requiring bowel resection within the first two years. Patients with perianal disease were not excluded.
The natural history of this mild group of CD patients was reviewed for the duration of time they were followed as patients at our center. We reviewed all clinic visits, laboratory studies, and procedures. Data that was abstracted included: age at diagnosis, sex, disease location utilizing the Paris classification, medical treatment, surgical treatment, endoscopic findings, histology, and hospitalizations [3] . We utilized a standardized case report form, and the abstracted data was entered into a REDCAP database.
To determine if there were differences in phenotypic features between the mild group and patients with moderate to severe disease, we identified a matched control group with moderate to severe disease. We matched each case with two "moderate to severe" controls (aka patients started on an immunomodulator or biologic within the first two years of diagnosis). Patients were matched by sex and age at diagnosis. Because treatment of CD has changed significantly in the last 20 years, we also matched patients by the year the patient was diagnosed (within 2 years). For example, a 12-year-old female diagnosed in 2000 would be matched with a similar patient diagnosed between 2000 and 2002, so as to avoid comparing a patient diagnosed in 2000 with a patient diagnosed in 2010.
Data management and statistical analysis
Data were entered by using Redcap and converted to SAS software (Version 9.4; SAS Institute) for analysis. Descriptive statistics were used to summarize subject characteristics at disease diagnosis. For continuous variables, mean and standard deviation were derived and compared using independent T-tests; for categorical variables, frequencies in absolute numbers and percentages were assessed and compared using Chi-squared tests. In order to describe height data, we utilized Z scores, with a Z score reflecting the number of standard deviations above or below the mean for a specific data point or group of data points.
Cox proportional hazard models were used to identify risk factors of disease escalation among the mild group of patients with CD. Potential risk factors considered into the analysis include age at diagnosis, sex, Paris location, steroid use in the first 2 years and after 2 years following diagnosis of CD, maintained on antibiotics in the first 2 years following diagnosis of CD, and whether complications developed after diagnosis of CD. Kaplan-Meier curve was used to show time to escalation after 2 years of diagnosis.
All variables were analyzed in a univariate manner. All statistical tests were twosided, with P value less than 0.05 considered significant.
RESULTS

Patients with mild CD are more likely to have colonic disease
Out of 1205 patients with CD diagnosed between 1990 and 2013, we identified 29 patients (15 male) that met the inclusion criteria and were matched with 58 controls. Table 1 summarizes the demographic characteristics between the cases and the control group. The mean age of diagnosis was 10 ± 4.2 years. All twenty-nine mild patients were treated with aminosalicylates and 5 patients had a combination of aminosalicylates and antibiotics. There were no significant differences between the disease behaviors at presentation, with approximately 90% of patients in each group having inflammatory disease (aka CD without the development of either perforating or fibrostenosing complications). However, patients with mild disease were more likely to have disease limited to the colon (31% vs 12%, P = 0.03). In contrast, patients with moderate to severe disease (aka control group) were more likely to have ileocolonic disease (70% vs 45% in the mild group, P = 0.02). At diagnosis, the mild group had a lower mean CRP and a higher albumin (CRP 1.54 mg/dL, Albumin 3.8 mg/dL), compared to the control group (CRP 5.9 mg/dL, Albumin 3.3 mg/dL). Hematocrit and ESR were similar for both groups (mild group mean HCT 35 %, ESR 32 mm/h; control group HCT 35 %, ESR 37 mm/h).
Most patients with mild CD for 2 years do not necessarily require escalation to immune suppressive therapies
The mild CD group was followed for a mean of 4.5 years after diagnosis (range 1 month to 11 years). In order to look at long term outcomes via a survival curve, we did not include the first two years of therapy (as we defined our mild population by the absence of complications or drug escalation in those first two years). Figure 1 (KaplanMeier curve) illustrates the probability of avoiding escalation to immunomodulators or biologics during the period of follow-up. Of the 29 patients, 8 required medication escalation to immunomodulators during the period of follow-up ( Table 2 ). The primary indication for escalation to immune suppressive therapies was corticosteroid dependence. Patients treated with corticosteroids during the follow-up period were more likely to undergo addition of immunomodulators (hazard ratio = 12.1, 95%CI: 1.4-102.7, P = 0.02) ( Table 3 ). Only one of these 29 patients required bowel resection during the follow-up period (after 12 years), though 1 patient did require surgical intervention for perianal disease.
Patients treated with minimal therapy for mild CD continue to exhibit histologic intestinal inflammation
Of the 29 patients, 21 underwent follow-up colonoscopy at some point after their initial diagnosis. Fifteen of the 21 patients continued to demonstrate histologic inflammation consistent with active CD (including granulomata, cryptitis, and chronic active ileitis or colitis) ( Table 4) . One patient underwent two follow-up colonoscopies over an 8-year period. The first demonstrated active inflammation, while the most recent was completely normal.
Growth impairment may persist in patients treated with aminosalicylate maintenance therapy
At diagnosis, the mean Z score for our aminosalicylate patient cohort on whom accurate height data was available (n = 27) was -0.07 (range -1.88 to 2.37). At the end of the period of follow-up, the mean Z score had declined slightly to -0.19 (range -2.83 to +1.75). The mean change in Z score from diagnosis to end of follow-up was -0.12, suggesting that the subclinical histologic inflammation could potentially contribute to impaired growth. Overall, 11 of 27 patients had a positive change in Z score from diagnosis to the end of follow-up, while 16 of 27 had a negative change.
Complications of mild CD occur in patients with ileal disease
Of the 29 total patients, three developed significant complications of ileal disease, though only one required surgical intervention during the period of follow-up. One patient, diagnosed at age 10, was escalated to mercaptopurine at age 20 for persistent ileal inflammation, and underwent limited ileal resection at age 22. The second presented with an ileal phlegmon that was managed medically and escalated to thiopurine therapy 39 months after diagnosis. The third patient presented with ileal narrowing and lower gastrointestinal bleeding and received both infliximab and thiopurine combination therapy with clinical improvement 63 months after diagnosis. No other patient developed serious complications of their IBD. The patients with complications during the follow-up period were also more likely to subsequently be treated with immunosuppression (hazard ratio = 5.6, 95%CI: 1.3-24.9, P = 0.02).
DISCUSSION
In this study, we have identified a cohort of children with mild Crohn's disease, who were able to avoid the institution of immune suppressive therapies for several years, and generally had good outcomes during the period of follow-up. This cohort of children fall into two major categories: Those with limited ileal disease, which sometimes may progress to an ileal stricture over time, and those with predominantly colonic disease, who can have their symptoms controlled on aminosalicylate therapy, and who remained asymptomatic despite the ongoing presence of colonic inflammation. While a subset of these patients will eventually require either immunosuppression or surgery, the majority of them appear to have a good quality of life despite having low-grade intestinal inflammation, with the caveat that quality of life is not formally assessed with questionnaires during most clinical visits. Importantly, this subset of patients has managed to avoid the potential toxicities of immune suppression for several years. However, the persistent colonic inflammation may result in ongoing lack of catch-up growth, as our cohort had a mild falloff in mean Z score over the course of the study. Most research on pediatric CD has focused on identifying and treating the population of patients with moderate to severe disease, who will benefit from early introduction of "top-down therapy" with immunomodulators (azathioprine, mercaptopurine, and methotrexate) and biologics (infliximab, adalimumab, and potentially ustekinumab and vedolizumab). Clinical, serologic, and genetic factors that are associated with an increased likelihood to develop complications such as stricturing or penetrating disease include deep fissuring colonic ulcers, the presence of antibodies to Saccharomyces cerevisiae (ASCA), and the presence of the NOD2 gene. A paper from the prospective RISK cohort utilizing propensity score matching, demonstrated that comparably ill patients have a better clinical outcome when treated with anti-TNF agents, than when treated with immunomodulators or aminosalicylates. However, it is unclear how effective immunomodulators and biologics are in preventing progression to surgery. A large prospective study from the pediatric inflammatory bowel disease registry demonstrated that early introduction of immunomodulators does not necessarily reduce the likelihood of surgery [4] . More recent data from RISK suggests that while early use of anti-TNF agents may reduce disease activity, anti-TNFs do not necessarily prevent the development of complications such as stricturing disease [5] . In contrast, there is almost no information on the phenotype and natural history of clinically mild CD. In a prospective cohort study in 2008, Dubinsky and colleagues demonstrated that the absence of serologic markers (ANCA, ASCA) correlated with a reduced likelihood of surgery in children with CD [6] . Siegel and colleagues have developed a web based tool that incorporates clinical characteristics, NOD 2 genetics, and serology, which will allow physicians and patients to predict the likelihood of complications in the future.
Our population was treated with a variety of agents, most notably sulfasalazine or mesalamine. Mild CD is frequently treated with nonimmune suppressive medications such as aminosalicylates [7] . Aminosalicylates have anti-inflammatory properties by inhibiting prostaglandin and leukotriene synthesis [8] . In addition, sulfasalazine may also have antimicrobial properties. The utilization of aminosalicylates in CD remains highly controversial. Those in favor of aminosalicylate use cite a meta-analysis of multiple trials by Hanauer et al [9] , suggesting a modest reduction in the CD activity index. In contrast, those who feel aminosalicylates are of little or no value in the treatment of IBD state that the studies are highly conflicting, that the overall effect is clinically insignificant, and there is no evidence that aminosalicylates produce mucosal healing [10] . A recent meta-analysis of available clinical trials from the The X axis represents the number of months after the first 2 years of diagnosis. The Y axis represents the survival probability or the time to either escalation in therapy (i.e., immunomodulators/biologics) and/or surgery. After 6 years of additional follow-up the probability of avoiding escalation to immunomodulators/biologics in selected patients was 70%.
Cochrane group suggested that sulfasalazine "is modestly effective" at inducing remission in Crohn's, though the efficacy is inferior to corticosteroids [11] . The same review suggested that high dose mesalamine is not superior to placebo in the treatment of Crohn's. However, the clinical trial data is limited, and the group recommended additional studies be performed to more fully answer the question as to whether or not aminosalicylates are effective. Experts have suggested a limited role for aminosalicylates in the treatment of CD, though aminosalicylates probably has minimal efficacy when utilized as adjunctive treatment in patients receiving immunomodulators or biologics [12] . In spite of evidence suggesting limited if any efficacy in CD, aminosalicylate medications continue to be frequently prescribed by gastroenterologists [13] . A 2009 retrospective multicenter pediatric study conducted in the Netherlands analyzed disease behavior at diagnosis and its effect on prescribing behavior. They found that aminosalicylate monotherapy was more frequently prescribed for mild disease [14] . Additionally, a population-based cohort study was published in 2008 where they outlined the natural history of pediatric CD. They included all cases of pediatric CD in the EPIMAD registry diagnosed between 1988 and 2002 with a median follow-up time of 84 months. At diagnosis most patients had disease in the ileum or colon that was non-stricturing and non-penetrating in nature. Almost all children in this cohort received aminosalicylates at one point in time [15] . We have little knowledge about those with mild disease who spontaneously enter remission and can discontinue medical therapy all together. In a recently published Canadian study evaluating a population-based database with patients diagnosed from 1987 to 2002, about 50% of IBD patients were not on any medications 5 years after their diagnosis and yet still continued to do well. Long term medication non-use was defined as no IBD related medications for at least 1 year or longer. This was more commonly seen in CD as compared to UC [16] . In another study, one third of patients with CD at a tertiary care medical center were not on any IBD medications in a 2 year time span. Approximately 50% of those nonusers were in clinical remission per physician assessment. These non-users were older and had longer disease duration as compared to those on medications. There was no significant difference in disease location, disease behavior or the presence of perianal disease [17] . Other interventions which are utilized to treat mild CD include antibiotics and dietary interventions. Antibiotics such as ciprofloxacin and metronidazole are generally utilized short term, to treat "flares" of the disease characterized by abdominal pain or diarrhea [18] . A recent paper by Levine and colleagues suggested that the combination of azithromycin and metronidazole may be superior to the utilization of metronidazole alone at treating active Crohn's [19] . There is little data however on the use of long-term antibiotics to prevent exacerbation of CD, and there Table 2 Outcome of mild disease patients after the first 2 years of study entry n (%) Starting immunomodulator 8 (27.6) Starting biologic 0
Starting immunomodulator and biologic 0 Surgery 0
Continued on minimal therapy 21 (72.4) are the potential risks of Clostridium difficile infection if recurrent courses of antibiotics are used, or neuropathy (particularly with metronidazole). While a subset of our patients did receive courses of antibiotic therapy, they were not utilized for long-term treatment.
Dietary therapy is also of interest to patients. While exclusive enteral nutrition is often utilized for induction of remission in patients with CD, data remains limited on utilization of diet as long-term maintenance therapy. Gupta and Baldassano presented outcomes of an enteral nutrition protocol in which patients took the majority of their calories as liquid diet, but also were able to take a subset of their calories as food. The majority of patients that utilize this protocol abandoned this intervention after 1 year, suggesting the challenges of complying with such a restrictive diet [20] . Other diets of interest to patients include the specific carbohydrate diet, which in at least one small study has been suggested to promote intestinal healing [21] . Our study has several limitations. Most importantly, the population is highly selected. Fewer than 5% of our patients met the inclusion criteria of being able to avoid escalation to immunomodulators or biologics within the first 2 years. It is unclear however whether disease severity warranted the introduction of more immunosuppression, or whether the practitioners treating these patients subscribed to a "top-down philosophy" of utilizing early immunosuppression. There is a possibility that patients that fit this mild phenotype might be treated with immunosuppression very early on. Though, the low frequency of such patients emphasizes that the vast majority of children with Crohn's will in all likelihood require immunosuppression to treat their disease. In addition, though we could identify histologic inflammation in patients, we could not adequately retrospectively assess the extent of macroscopic (aka visible with the endoscope) inflammation, because the endoscopic reports did not contain formal endoscopic activity indices such as the SES-CD. Future prospective studies of mild CD that incorporate follow-up colonoscopy, should utilize respective endoscopic scoring systems.
Nevertheless, this study does suggest that there is a phenotype of mild CD, which may not necessarily require immunomodulators or biologics. Our case-control study suggests that the majority of these patients have either colonic disease with minimal small bowel involvement or limited ileal disease. Further characterization of this phenotype may require additional prospective studies, though possibly retrospective examinations of large cohorts (such as the risk cohort) may also help identify and better characterize this phenotype. In the future, we hope that additional genetic, microbiome, and serologic data may help us better predict a priori who constitutes this milder cohort of patients and whether they can be treated in a more conservative "step up" or "treat to target" manner, rather than all receiving immunomodulators or biologics early in the course of their disease. The current concept of "treat to target" encourages physicians to implement therapy, and then reassess the effects on the patient on clinical remission, laboratory remission and endoscopic remission 6-12 months after the therapy is initiated. Identification and better characterization of this mild subset of patients is very important, as most families would prefer to avoid immunosuppression if possible. However, the benefits of avoiding immune suppression must be weighed against the risks of potential future disease complications (including growth failure). 
ARTICLE HIGHLIGHTS
Research background
A great deal has been written on the treatment of moderate to severe Crohn's disease. There is a subset of patients with milder disease, who may be able to avoid potent long-term immune suppression. However, there is little or no data on the natural history of patients who are not treated with immune suppressive agents. This is particularly relevant in children, who if treated with immune suppression agents, may be at risk for serious toxicities such as infection and lymphoma. However, the under treatment of Crohn's disease could increase the risk of the development of complications. We therefore desired to study the natural history of patients who were not treated with immune suppressive agents.
Research motivation
Children with mild or limited Crohn's disease are a poorly studied population. Phenotypic features, natural history, treatments used, and long-term outcomes of children with mild disease is unclear. We wanted to assess whether there are phenotypic differences such as disease location or disease behavior in mild vs moderate and/or severe Crohn's disease at the time of diagnosis. We also wanted to define long-term outcome in the mild population. We wanted to see whether these patients develop complications or require surgery over time, and if so, what is the time to escalation in therapy and also, what are the predictors of escalation.
Research objectives
The objective of the study was to determine the prevalence of complications in patients who did not receive immunomodulators or biologics for at least 2 years after initial diagnosis. We identified a small subset of patients in our cohort who were treated this way. We then reviewed charts in order to determine the event-free survival, i.e., the time until treatment was escalated to immunomodulators, biologics, or surgery.
healing in the vast majority of patients.
Research conclusions
Not every child with new onset Crohn's disease requires the early institution of immunosuppressive agents (such as methotrexate, mercaptopurine, or anti-TNF treatment) immediately after diagnosis. There is a small subset of children with mild Crohn's disease, who can be maintained on aminosalicylate therapy alone, and not require drug escalation for several years. Currently, the phenotype that may have the best response to aminosalicylate therapy is mild colonic disease.
Research perspectives
Mild Crohn's patients may be able to be identified in the future through genetic or serologic predictive models. It's important to stratify low risk patients and prevent overtreatment with immunomodulators and biologics. Future research should focus on establishing more genotypic and environmental data to better characterize this low risk population.
